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Introduction
Of the vegetable crops grown in Hawaii, lettuce was second in produc­
tion value for 1979 (33). Of all diversified agricultural crops, lettuce 
ranks ninth behind the more extensively grown crops as sugarcane, pineapple, 
macadamia nuts, papayas, anthuriums, potted foliage plants, coffee, and 
tomatoes. Lettuce is grown on 650 acres with major production areas being 
in Kamuela, Hawaii and Kula, Maui. Despite an increase in acreage,
Hawaii's lettuce farmers can only supply 43 percent of our people's con- 
sumtive needs. Therefore, any disease or disorder can affect the supply 
and price of lettuce at our local markets.
Tipburn, a physiological disorder which causes a browning and drying 
of the leaf margins on the growing, inner leaves surrounding the heart of 
the plant, limits the production of saleable heads wherever lettuce is 
grown. This occurs not only in Hawaii, but also in the major lettuce 
producing areas of the nation, as Arizona and California.
On Maui, the incidence of tipburn during the year can range from 0 to 
100 percent depending on the weather conditions, (mainly high temperatures), 
at that time of year. Often, with high incidence rates, the plants are 
not harvested and are rogued over instead. The farmer takes great losses 
in not being able to get any crop yield from the land, and the consumer 
pays higher prices because of the shortage. Incidence rates of 40 percent 
or more usually occur during the summer months of production (see Figures 
4 and 5).
The occurence of tipburn in the inner leaves of the head sets up 
ideal conditions for secondary infections by bacterial or fungal rotting 
micro-organisms (40). Pathogen populations tend to be fairly high in 
fields on Maui. This accounts for further limitations on production and 
is especially important in the storage and shipping of lettuce throughout
the islands.
Because tipburn is a 
state, a thesis study was 
of nitrogen, calcium, and 
or influences these might
major problem of head lettuce growers in our 
conducted to study the nutritional relationships 
boron fertilizers with any consequent changes 
have on the development of tipburn.
Tipburn was recognized as early as 1892, as a physiological disorder, 
yet it is still a major problem for head lettuce growers in the state of 
Hawaii (40). The search for the causes and control of tipburn continues. 
Research results have been variable, and while the cause of tipburn seems 
simple, many factors influence the development of this complicated disorder.
Tipburn is characterized by the browning and necrosis of the leaf 
margins on the inner leaves surrounding the heart of the plant (75). Boron 
deficiency causes symptoms in lettuce similar to those of tipburn. Boron 
deficiency symptoms include a malformation of the younger leaves with the 
appearance and coalesence of dark spots in the leaf margins. This injury 
does not affect the outer leaves of the plant, but is confined to the 
younger leaves including the growing point. This is similar to tipburn 
symptoms described by Termohlen and van den Hoeven (75). McHargue and 
Calfee (51) showed that normal leaves were produced by supplying boron to the 
deficient plants. Lettuce has a definite boron requirement for normal 
plant growth and development (50,51). This requirement may be accentuated 
during the heading period, when nutrient demand in the plant is high (89).
In more recent work, Crisp, Collier, and Thomas (17) induced tipburn symptoms 
by growing lettuce under boron deficient nutrient solution conditions.
Struckmeyer and Tibbitts (73) compared calcium and boron deficiency 
symptoms in lettuce with tipburned leaves. Their study indicated that 
boron deficiency symptoms were more similar, anatomically, to tipburn 
symptoms than calcium deficiency symptoms. They suggested that a boron 
deficiency interferes with the proper functioning of laticifers in latex 
bearing plants, such as lettuce, thus inducing tipburn symptoms. Latex 
tipburn is one of the types mentioned by Termohlen and van den Hoeven (75).
In the plant, boron forms complexes with polyhydroxyl compounds of
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which one type interacts with chains of cellulose or other long chain 
polyhydroxyl compounds (24, 29). Calcium's major role in plants is in the 
maintenance of cell membrane integrity, which other cell functions depend 
upon (2, 9, 24). Both elements are involved in cell wall structures, and
a lack of calcium and boron in the plant can lead to cell wall breakdown and
necrosis, which are typical symptoms of tipburn injury. Ashkar and Ries (1) 
found that all parts (midrib, leaf margins, and leaf blades) of tipburned 
leaves are low in calcium, magnesium, manganese, and boron in comparison to 
normal leaves.
A lack of available calcium and boron in the soil can limit the growth 
and development of a normal root system of a lettuce plant. Roots grown 
with a low supply of these nutrients are short, stubby, and brown; and 
nutrient uptake can be limited (24, 34).
The transport of calcium and boron from roots to shoots occurs passively 
in the transpiration stream of the plant (7, 8, 45). Thus, the nutrient
levels of calcium and boron in the plant can be influenced by environmental
factors, mainly humidity and temperature conditions, that increase the 
transpiration rate of the plant (57, 78). However, this does not happen 
in the marginal leaf tip tissues in the head of a lettuce plant that are 
susceptible to tipburn injury. The plant's structure in head formation 
sets up a microenvironment in the interior of the head of a relatively 
higher humidity than the rest of the plant. The leaf tips have a very low 
transpiration rate, and for this reason, may not get adequate levels of 
calcium and boron for normal leaf development, although apparently adequate 
levels of calcium and boron exist in the soil (38, 76, 78).
Calcium and boron are immobile elements (13, 19, 32, 58); once xylem 
uptake and translocation for deposition in the leaves occurs, these elements 
will not move to areas where they may be of greater need. The younger
leaves of a plant must get a continuous supply of calcium and boron from the 
transpiration stream for normal leaf development as little movement of cal­
cium and boron occurs in the phloem, and translocation from leaf to leaf 
does not occur (19, 20, 24).
Deficiency, as well as toxicity levels of boron in the substrate re­
sult in subnormal levels of calcium in the tissues (52). This may account 
for the discrepancies in the literature regarding calcium and boron nurtition. 
Liming has been shown to induce a boron deficiency, as boron becomes unavail­
able to plants due to its insolubility at high pHs (41, 63). This is re­
flected in a high calcium/boron ratio. Calcium/boron ratios of leaf tissue 
have been considered indicators of the boron status in certain crops, i.e. 
a high calcium/boron ratio is an indicator of boron deficiency in rutabagas 
(18, 30). However, the addition of calcium fertilizers to the soil increased 
the boron content in plant tissues of groundnuts (65). In other cases, it has 
been shown that foliar sprays of boron increase the levels of calcium in the 
leaf tissues of apple seedlings (70). It is believed that boron promotes 
the absorption and utilization of calcium by keeping it in a soluble form, 
and symptoms of a calcium deficiency may well be a manifestation of a boron 
deficiency (48). Boron apparently increases the permeability of the plant 
roots to the movement of calcium (10). Marsh (48) found that soluble cal­
cium levels in the plant depend on the total calcium as well as the boron 
content in the substrate. Crisp, Collier, and Thomas (17) found no evidence 
that the calcium content of lettuce plants is affected by the boron content 
in the substrate, but they believe that tipburn is the result of an inter­
relationship between a calcium and boron deficiency, which in part, may be 
influenced by auxin levels during some stage of the plant's development.
Tipburn in head lettuce has generally been accepted as the consequence 
of a localized calcium deficiency (46, 54, 76). The results of experiments
done with calcium nutrition are so varied that it is hard to determine what 
exactly is occuring within the plant and between the plant and its environ­
ment. Control can be achieved with calcium treatments under greenhouse 
conditions (1, 46, 54, 76), but field experiments usually fail (15, 39, 68). 
The method of culture; soil versus nutrient solutions, as well as the use 
of foliar sprays and a variety's susceptibility to tipburn can account for 
some of the variability in response. Soil applications of calcium do not 
always provide for the calcium needs of the plant (15, 39, 68), while 
foliar sprays and nutrient solutions prevent tipburn in some cases (1, 46, 
54, 76), and in other cases, have no control over tipburn (14, 39, 46, 68, 
71). Other environmental factors, such as high temperature and soil mois­
ture can override the main cause of tipburn (a calcium deficiency), in 
that tipburn still occurs although soil calcium levels are not limiting to 
uptake (15). The mechanisms by which a calcium deficiency occurs are still 
unknown. It is believed that it may be due to:
1. a depression in calcium absorption, uptake, or translocation.
2. an immobilization or chelation of calcium before it can be 
utilized by young, developing tissues.
3. an increase in plant growth rate so that the calcium requirement 
of the plant cannot be met.
4. a combination of any of the above.
Calcium absorption and uptake are influenced by soil and root properties; 
translocation and mobility of calcium is related to the immobility of 
calcium within the plant; chelation of calcium by respiratory byproducts 
is related to increased respiration rates of the plant; and plant growth 
rates are enhanced by different environmental factors (19, 53, 54, 55, 66, 
76). The mechanisms by which a deficiency can occur basically fall into 
two groups —  factors that influence or limit nutrient uptake and rate of
movement, and factors that influence the growth rate of the plant.
A localized calcium deficiency as the result of an increased growth 
rate of the plant is generally accepted as the cause of this calcium defi­
ciency in lettuce called tipburn (54). The growth rate of plants is in­
fluenced by many uncontrollable environmental factors, but controllable 
factors that affect root development and nutrient uptake can play an impor­
tant role in the appearance and severity of calcium deficiency symptoms (66). 
The lettuce plant does not have a growth rate of a linear pattern, but under­
goes a rapid change, (increase in growth rate), during the period of head 
formation (89). Nutrient demand is also high during this period. It has 
been shown that seventy percent of the total nutrient uptake of the lettuce 
plant occurs during this period (23, 88, 89), therefore, any factor limit­
ing nutrient uptake during this period can accelerate the appeareoce.of 
deficiency symptoms and the occurrence of tipburn.
Many factors in the soil environment can limit the uptake of nutrients; 
factors that affect the availability of calcium and boron to the plant and 
factors which antagonize calcium and boron uptake (ion competition).
The availability of calcium and boron to the plant is affected by many 
different factors in the soil environment. Boron availability is affected 
by the plant species, soil organic matter, soil calcium, soil pH, clay con­
tent, type of clay, soil texture, and soil moisture levels. But due to 
potential errors in soil analysis, and because so many factors affect boron 
availability, a soil analysis can only be a rough estimate of what is avail­
able for the plant. Boron fixation in Hawaiian soils tend to be fairly 
high, depending on the soil's origin and extent of weathering (59, 74).
Calcium availability is affected by plant species, ratio of calcium/ 
magnesium in the soil, soil pH, type of clay, soil moisture and aeration, 
and soil texture (13, 21, 29, 38, 83).
Nutrients are absorbed by the plant root in ionic form as anions or 
cations. The ionic form of the nurtient greatly affects the metabolism and 
absorption of other nutrients. Cation-cation interactions generally affect 
transport across cell membranes and tend to be inhibitory interactions of 
a competitive nature. Calcium becomes available to plants when the degree 
of saturation in the exchange complex is high. This availability is reduced 
if 50 percent or more of the base sites on the soil colloids are filled 
with Na+ or K+ (24). The cations: Al++ 1 , Mg’*"*, K+ , Na+ , NH^+ , Mn+ , and H+ , 
directly and indirectly, depress calcium uptake. Increased root temper­
atures increased the uptake of K+ , which in turn, depressed calcium uptake 
(12). High levels of Mg K+ , H+ , Na+ , and NH^+ in the nutrient media 
aggravates calcium uptake, and enhance the appearance of deficiency symp­
toms (42, 86, 87). Magnesium was found to increase the occurrence of tip­
burn (1). Increasing the magnesium supply from a deficient to adequate 
level can increase calcium uptake, but a further increase in magnesium will 
reduce calcium uptake by the plant (69).
When plant calcium levels are low, phytotoxicities from trace elements 
and even Mg++ and Na+ can occur (87). Aluminum toxicities tend to be more 
prevalent at pHs below 5.0-5.5 The ameliorating effects of calcium on 
toxic trace elements is well known, and calcium may be tied up this way, 
thus preventing an aluminum toxicity, but enhancing a calcium deficiency 
(22, 27, 86, 87).
Cation-cation and anion-anion interactions also occur with boron.
High fertilization rates of nitrogen enhance tipburn development in head 
lettuce (1). They also decrease the uptake of boron by the plant (29, 84). 
Boron levels in the plant decreased with increasing nitrogen rates, inducing 
a boron deficiency. Additions of nitrogen decreased the severity of boron 
toxicity symptoms. Turner (84) showed increases in boron content in plant
tissues with increasing nitrogen rates, and that high nitrogen rates like 
high calcium or potassium rates may induce a boron deficiency. With high 
boron levels in the substrate, increasing potassium levels increased the 
severity of boron toxicity symptoms. At low boron levels, increasing 
potassium levels intensified the severity of boron deficiency symptoms 
(29, 63).
Much of the work done from the 1920s to the present deals with 
environmental factors, and the calcium and boron status in the plant in 
relationship to tipburn incidence and severity. Some have been successful, 
while others have not, in controlling tipburn with calcium nutrient solu­
tions. This discrepancy may be due to the relationship between the calcium 
concentration and total salt concentration in the substrate that affects 
the development of tipburn (25). Calcium uptake and utilization depend not 
only on the presence of Ca in the soil solution, but on the presence of 
other cations, accompanying anions, and the general constitution of the 
plant. Calcium uptake decreased, in the presence of Li++, Na+ , or K+ and 
in that order. In the presence of N0^, uptake increased; but uptake decreased 
with Cl-, Br-, or S0^- and in that order (8). Sonneveld and van den Ende 
(71) with the use of various salts— (Na+ , K+ , Ca*"1", and Mg4-1") chloride, and
sodium (N0^-, Cl-, S0^-, and HCO^-) showed increased severity of tipburn 
with most of the salts, especially sodium bicarbonate. Only calcium chloride 
gave a significant reduction in severity. They believe that because lettuce 
shows such wide response to the type of salts applied, tipburn can occur 
with just a slight imbalance among the ions in the soil solution. Gerard
(76) found that plants need more soil calcium for maximum root elongation
when total salt concentration in the soil solution is high, otherwise
root elongation can be inhibited and the uptake of calcium and boron
minimized.
Borkowski and Ostrzycka (5) also found evidence for this ion imbalance 
theory. Through the use of various calcium fertilizers and calcium sprays, 
they showed the least tipburn with 3 and 6 percent Lena (a flotation sed­
iment from the copper mines which contain 186 ppm K, 18 percept Ca, 2.8 per­
cent Mg, Cu and Mn) as opposed to calcium carbonate soil applications and 
calcium foliar sprays. With the addition of 3 and 6 percent Lena, various 
amounts of these nutrients may create a more favorable ionic environment in 
the soil for ion uptake. Geraldson (23) showed that calcium deficiencies 
in tomatoes and celery can be enhanced depending on the amount and type of 
ions in the nutrient solution. This is best illustrated in the following 
table for tomatoes and blossom end rot:
Table 1?
Effects of partially replacing calcium with 
potassium, sodium, ammonium, or magnesium 
(on an equivalent basis) in the hydroponic 
solution on the yields and quality of tomatoes.
Ca(ppm)/total salt (ppm) % BER 
(fruit)
?oCalcium j 
(leaves) I
150/1000 0 1.35
50/1000-Na 16 .95 j
50/1000-Mg 22 .67
j
50/1000-K 40 .80
I
50/1000-NH4 75 • «  1
* Taken from Geraldson 1971.
The ratio of 150 ppm calcium to 1000 ppm total salts (CaNO^, K N0^, MgSO^, 
NH^PO^, and micronutrients) under hydroponic nutrient culture, gave complete 
control of blossom end rot, a calcium deficiency in tomatoes. The replace- 
ment of 2/3 of the calcium nitrate with (Mg , K , Na , NH^ ) nitrate shows
the various effects of the different ions in enhancing blossom end rot and 
decreasing the calcium levels in the leaves. This also points out the com­
petition for uptake between the ions in solution, and its effect on the 
resulting calcium levels in the plant leaf tissues.
The growth rate of the plant has a major role in the appearance of 
tipburn in head lettuce. From the earliest observations the growth rate 
or the succulence of the plant and the effect of different environmental 
factors has been noted in relation to the development of tipburn. Tipburn 
has been associated with the vigor and growth rate of the plant enhancing 
a calcium deficiency (11, 54, 62, 68, 72, 77).
Different environmental factors influence the growth rate of the plant. 
Factors such as high humidity (6, 11, 49, 77, 79), high temperatures (16, 53, 
54, 55, 77), high light intensities and durations (1, 80), high nitrogen 
fertilization (1, 11, 56, 68, 69), and high soil moisture levels, (4, 15,
62), all contribute to an enhancement of the growth rate of the lettuce 
plant, and play an important role in the occurrence and severity of tipburn 
in the field.
Cox, McKee, and Dearman (16) confirmed previous work regarding the 
rapid growth theory when they correlated the incidence of tipburn with the 
relative growth rate of six cultivars, grown under controlled environments. 
Tipburn development within cultivars was correlated to relative growth rates 
during the exponential growth phase period (head formation). Many inter­
acting factors are involved in the growth rate of the plant. Retardation 
of the growth rate can result in partial control of tipburn (14, 16, 39,
56, 77, 79) and in other cases, complete control can be achieved, but the 
quality of lettuce suffers (5, 85).
From the previous work, one can see that the environment plays a major 
role in the development of tipburn. The morphology of the lettuce plant
during the heading period creates a microenvironment within the plant of 
an entirely different nature than the outside prevailing conditions (78).
High humidity and high temperatures with low light conditions exist within 
the lettuce head, which enhances the development of tipburn. High humidity 
results in low transpiration rates; reducing calcium movement into these 
tissues (76, 78). High temperatures increase the respiration rates of the 
plant, and the chelation of calcium may occur (1, 53, 54, 55, 77). Low 
light or dark conditions may play an important role, as the onset of tipburn 
occurs only in the dark (11, 77).
Controlling environmental factors that influence the growth rate of the 
plant as a means of controlling tipburn can be impractical. Controlling the 
factors that exist within the head can drastically alter the plant's morphology. 
Therefore, other means of control must be looked at. Cation-cation and 
cation-anion relationships exist between calcium and the various forms of 
nitrogen fertilizers. The form and quantitiy of nitrogen applied to plants 
can greatly affect the levels of calcium within the plant. Under high 
nitrogen and high calcium conditions, calcium uptake is decreased (1).
With high nitrogen fertilization, vegetative growth is promoted and re­
quires more calcium than can be absorbed and moved to the rapidly growing 
tissues (69).
The form of nitrogen supplied to plants plays a major role in affect­
ing levels of calcium in the plant. Generally ammonium fertilizers tend 
to be detrimental because:
1. The acidifying effects of ammonium salts in the soil initiate 
a more rapid leaching of calcium due to the replacement of the 
calcium ion by ammonium on the soil colloid. A reduced avail­
ability of the remaining calcium occurs due to the pH effect 
on nutrient availability (26, 63). When the pH is highly acid,
(pH 5.0), aluminum toxicity can appear as an induced calcium 
deficiency (22, 27, 87).
2. The ammonium ion competes with calcium in the soil for plant
uptake (24), and an ammonium toxicity can appear as an induced
intracellular calcium deficiency (36).
3. Ammonium fertilizers decrease the uptake of water by the plant
(61). This can reduce the amount of calcium taken up by the
plant as calcium moves in the transpiration stream.
4. Ammonium fertilizers decrease total cation uptake (42, 43, 44).
5. Ammonium fertilizers result in higher amino acid content in the
roots as compared to the shoots (36), which Ashkar and Ries (1).
feel plays an important role in the development of tipburn, since 
amino acids can chelate calcium and make it unavailable to the 
plant.
Nitrate fertilizers tend to be a better choice in supplying the nit- 
ogen fertilization needs of the lettuce plant, since they enhance water 
uptake by the plant (8), and also enhance total cation uptake (8, 43, 44). 
This can affect the levels of calcium in the plant tissues (8). Leh (47) 
found less tipburn in plants given nitrate rather than ammonium fertilizers.
Nitrate translocation from the roots to the shoots is accompanied by an 
equivalent amount of cations. If nitrate is reduced in the roots and trans­
located as amino acids, a low cation content can occur in the shoot (3, 43). 
In a comparison of various nitrogen fertilizers for head lettuce, Gardner 
and Pew (23) found that nitrate nitrogen fertilizers resulted in higher 
nitrate levels in the plant. Kirkby and Mengel (43) showed that cation 
levels doubled in plants given nitrate fertilizers rather than ammonium 
fertilizers. Inorganic anion levels were unaffected by the nitrogen source, 
but electroneutrality in the plant was maintained by the production of more
organic acid anions.
Changes in organic ion composition induced by ion uptake and ion 
metabolism influence the accumulation of inorganic cations and anions in the 
plant tissue. Inorganic cation accumulation is influenced by factors that 
induce changes in the levels of organic acid anions in the tissue and by the 
nutrient composition and nutrient levels in the media (36).
Materials and Methods
The soil used in all experiments was a Keahua cobbly silty clay, 
with a pH of 5.8-6.2. The Keahua series belongs to the Torroxic Haplustoll 
soil subgroup consisting of well drained soils derived from weathered basic 
igneous rock.
p
A nonionic surfactant, (Tween-20) , was added to all foliar sprays 
at .001 percent v/v.
Soil analysis for potassium, calcium, phosphorous, magnesium, soil 
pH and salinity levels were obtained from colorometric tests done by the 
University of Hawaii's Tissue and Soil Analysis Lab. Calcium was also 
determined by ammonium acetate extraction at ph 7.0.
Soil sampling was before and after each experiment and consisted of a 
composite of samples taken from each pot (greenhouse studies) or from 
different areas of the field plots at 0-3 and 6-9 inch depths. Initial 
field sampling consisted of a composite of samples from four different 
areas at 0-3 and 6-9 inch depths.
Tissue analysis was by the University of Hawaii's Tissue and Soil 
Analysis Lab. Boron analysis was by the dry ash method, nitrogen analysis 
by the Kjehldal method, and the other nutrients by a vaccum x-ray fluores­
cent quantometer.
Tipburn incidence rates were based on the percent of total harvested 
heads affected by tipburn. Tipburn severity ratings were on a 1-6 scale, 
where 1 is no injury and 6 is severe injury and unsaleable. Head weights 
were determined on total number of heads harvested. Overall visual head 
quality was based on a 1-9 scale with anything less than 5 being unsaleable.
Monthly tipburn incidence rates were based on 20 or 25 heads taken 
from plots given the basic fertilization programs. Incidence rates
were reported for December 1979 up until September 1980, except for 
January, when bad weather destroyed the crop.
Greenhouse Experiments. The following experiments, 1-4, were conducted in 
Pope Laboratory Greenhouses, University of Hawaii, Manoa Campus. These 
experiments used 8 inch diameter plastic pots. A tipburn resistant head 
lettuce variety, Mesa 659, was used in the first three experiments, and 
a susceptible leaf lettuce variety, Green Mignonette, (Manoa lettuce), 
was used in the fourth experiment.
p
Lettuce (Lactuca Sativa) was seeded in Supersoil in styrofoam
p
speedling trays or plastic cells. The trays were kept under mist for 
one week and seedlings were transplanted three weeks later. Plants were 
watered every Monday, Wednesday, and Friday., and soil moisture levels were 
brought up to field capacity as indicated by soil irrometers.
The main plots for soil treatments in the four experiments included 
the use of calcium sulfate at 400 lb. calcium/acre with the addition of 
800 lb./acre of 10-30-10 fertilizer. Subplot treatments included
p
factorial combinations of succinic acid 2,2-dimethylhydrazide (Alar )
p
at 5000 ppm, benzyladenine at 25 ppm, and Solubor (20.5% boron) at 0.08
ppm as foliar sprays in one experiment; and calcium sulfate at 105 ppm,
R RSolubor at 2 ppm, calcium sulfate and Solubor , and distilled water as
foliar sprays in a second experiment. No foliar sprays were used in a
third experiment. In addition, main plots in experiment 4 included a 1:1
mix of perlite and calcium sulfate treated soil, calcium hydroxide at 811.5
lb. calcium/acre, calcium magnesium carbonate at 454 lb. calcium/acre, and
calcium carbonate at 800 lb./acre. Subplot treatments included foliar
p
sprays of 0.04M calcium nitrate, Solubor at 1 ppm, calcium nitrate and
p
Solubor , and distilled water.
The soil was watered after soil treatments were made, and tilled before 
the seedlings were transplanted.
The first two experiments were split plot experimental designs with 
main plots in a randomized complete block, and replicated four times. 
Experiments 3 and 4 were completely randomized designs with 24 and 5 
replications, respectively.
Tissue analysis done on four and six week old seedlings; mature head 
leaf sections of a composite of five heads consisting of the outer two 
leaves, the middle sixth and seventh leaves, inner leaves, and core pieces, 
and of mature roots.
Field Experiments. The following experiments, 5-8, were conducted at the 
Pulehu field on Maui. Experiment 5 was done in the field greenhouse with 
tipburn resistant head lettuce variety, Calmar. Another tipburn resistant 
head lettuce variety, Mesa 659, was used in Experiments 6-8. A tipburn 
susceptible head lettuce variety, Monterery, was planted with soil treat­
ments 1 and 2 only, but with 0, 3, or 6 foliar spray applications in 
Experiment 8. Only tipburn incidenceand severity rates were reported 
for this variety.
R RLettuce was seeded in Promix in styrofoam speedling trays. Trays
were kept under mist for one week and the seedlings were transplanted three 
weeks later. Foliar 60 (1-2 tsp./gal.) was sprayed on seedlings, once
every weeek before transplanting in the field.
At the end of experiment 6, a composite of soil samples taken from 
field plots was analyzed by the Soil Analysis Lab at Oregon State University 
in Corvallis, Oregon for calcium levels with ammonium acetate extraction at 
pH 7.0 and boron levels with hot water extraction.
Tissue analysis was on mature head sections consisting of a composite 
sampling from 5 heads, where the outer two leaves, middle sixth and
seventh leaves, inner leaves, and core pieces were taken.
Experiments 5, 6, and 8 were split plot experimental designs, with 
soil treatments as main plots and in a randomized complete block, while 
experiment 7 was a strip plot design. All treatments were replicated 
four times, except in Experiment 5, treatments were replicated three times.
In Experiment 5, regular preplant fertilizer applications of treble 
superphosphate at 700 lb./acre, muriate of potash at 170 lb./acre, 
magnesium sulfate at 125 lb./acre, and borax at 10 lb/acre were made.
Drip irrigation was installed to regulate the watering, and plants 
were watered forty minutes every Monday and Wednesday and sixty minutes 
every Friday. Irrigation rates were maintained at 0.28-0.56 inch/week,
0.89-1.12 inch/week, and 1.40-1.60 inch/week. Nitrogen was applied as 
calcium nitrate in solutions of 0, 50, 100, 200, 400, and 800 ppm (total 
nitrogen) to the plants at transplanting and four weeks later.
Subplot treatments included foliar spray applications of 6 percent 
calcium chelate (This ^ liquid calcium) at 0.03 ppm, Solubor ^ at 1 ppm, 
calcium chelate and Solubor and distilled water, applied to plants 
receiving 200 ppm nitrogen and 0.84-1.12 inch/week irrigation. Sprays 
were applied three times a week (every Monday, Wednesday, and Friday) 
for two weeks, starting one month after transplanting.
In tissue sampling, the heads were cut in four sections; the apex and 
basal inner, and the apex and basal outer; pieces were taken from each 
section.
In Experiment 6, calcium sulfate at rates of 100, 200, and 400 lb. 
calcium/acre, with and without boron at 2.85 lb./acre was mixed into the 
soil two weeks before transplanting. Fertilizer, 10-30-10, at 800 lb./ 
acre was added. A second postplant side dress application of 16-16-16 at 
300 lb./acre was applied two and a half weeks after transplanting. A
p
foliar application of succinic acid, 2,2-dimethylhydrazide (Alar ) at 
5000 ppm was applied three weeks after transplanting. Only tipburn 
incidence rates were reported here.
Tissue sampling was only on plants which received varying rates of 
calcium plus or minus boron.
In Experiments 7 and 8, main plot fertilizer treatments include:
1. 10-30-10 at 1000 lb./acre.
2. 10-30-10 at 1000 lb./acre and 150 lb. calcium/acre as calcium
hydroxide.
3. Ammonium nitrate at 100 lb. nitrogen/acre and 150 lb. calcium/ 
acre as calcium hydroxide.
4. Ammonium nitrate at 100 lb. nitrogen/acre.
5. Calcium nitrate at 100 lb. nitrogen/acre.
Soil treatments 3, 4, and 5 recieved P as phosphoric acid and K as
potassium chloride in equivalent amounts given in treatments 1 and 2.
Treatment 5 received additional calcium hydroxide to bring the calcium 
level to an amount equivalent to that in the other treatments.
In Experiment 7, half of the fertilizer treatments were applied two 
days before transplanting, and the other half was side dressed three weeks 
later. In Experiment 8, all the fertilizer treatments were preplant 
applications to the same field plots used in Experiment 7.
Subplot treatments were foliar sprays which consisted of a combination 
of 0.04 M calcium nitrate and Q.50 ppm boron applied to the plants in 
increasing frequencies of 0, 3, or 6 applications, with the last spray 
application 1% weeks before harvest. In experiment 8, chelated calcium
p
(This liquid calcium) was substituted for calcium nitrate.
Plants were watered Monday, Wednesday, and Friday, so that total 
irrigation levels were 1.50-1.70 inch/week.
Fifteen heads per treatment in Experiment 7 and twenty heads per 
treatment in Experiment 8 were examined for tipburn incidence and severity 
and head weight and quality.
Results
Greenhouse Experiments
In the first experiment, foliar sprays of Alar benzyladenine,
p
Solubor , and factorial combinations of the preceeding had little effect, 
as tipburn symptoms were seen three days after the first spray application. 
Incidence rates were 62 and 50 percent for calcium treated and untreated 
soils. Incidence rates increased to 88 and 96 percent, just after the
second spray application. Greenhouse temperatures were high and problems
with bolting occured.
In the second experiment, foliar sprays of calcium sulfate, boron, 
calcium and boron, and distilled water gave complete control of tipburn 
in calcium treated and untreated soils, but this was nonsignificant and 
lettuce heads were small. Tissue analysis data are given in Table 1.
Table 1. Effect of foliar sprays and calcium soil treatments on calcium
and boron levels in mature leaf tissues, var. Mesa 659. Tissue
analysis based on composite of five heads, no replications.
21
Head Section
i
I
Water
Foliar Sprays 
Calcium Boron Caleivant Boron
i
i
With No Soil Calcium
Boron (ppm) Outer 39 31 49 38
j  Calcium (?o) Outer 1.89 1.93 2.71 2.09
Calcium (?o) Middle 1.25 0.94 1.29 1.20
Calcium (%) Inner 0.43 0.46 0.38 0.27
With Soil Calcium
;
Boron (ppm) Outer 34 36 39 40
Calcium (?o) Outer 1.75 (0.96) 2.39 2.51
Calcium (%) Middle 1.01 1.06 0.87 1.46
Calcium (?o) Inner 0.38
_____
0.19 0.33 0.48
In the third experiment, incidence rates were 71 percent for plants 
grown in untreated soil and 42 percent for plants in calcium treated soils. 
This was not significant, however, because of high variation. Incidence 
rates differ, but this was not reflected in changes in levels of calcium 
and boron in the tissue analysis data (Table 2).
Table 2. Calcium and boron levels in mature leaf sections and in mature 
roots of plants grown in calcium treated and untreated soils. 
Tissue analysis based on a composite of five heads with no 
replications.
I!
} Section Calcium (%) Treated Untreated 
Soil Soil
Boron
Treated
Soil
(ppm)
Untreated
Soil
Outer leaves 0.99 1.12 23 28 |
I Middle leavesI 0.54 0.40 16 17
Inner leaves 0.28 0.28 11
13
Core 0.51 0.38 15 13 i
Roots 0.45 0.49 36
|
32
Total 2.78 2.67 101 103
_
In the fourth experiment, different sources of soil calcium and 
subsequent effects on soil pH had little effect on tipburn incidence. The 
addition of perlite to soil calcium sulfate fertilizer increased tipburn 
severity and the use of foliar sprays were significant at the 0.01 percent 
level in reducing the severity of tipburn, however, no observable calcium 
or boron increases were seen in the tissue analysis data (Tables 3 and 4).
Table 3. Effect of foliar sprays and calcium soil treatments on the 
severity of tipburn in var. Green Mignonette.
r
Water
Foliar Sprays 
Calcium Boron Calcium & Boron
Soil Treatments Severity* X
Control 2.60 2.00 3.20 3.20
**
2.75b
Calcium hydroxide 3.00 2.00 2.60 1.60 2.30b
Calcium sulfate 3.40 1.80 3.00 2.00 2.55b
Calcium sulfate 
perlite 3.60 3.40 4.00 3.20 3.55a
Calcium carbonate 2.00 1.40 2.20 2.40 2.00b
Calcium mangnesium 
carbonate 3.00 1.00 3.00 1.40 2.10b
X 2.93a 1.93b 3.00a 2.30b
* Severity based on 1-5 scale, where 1 = no injury, 3 = moderate, 5 = severe, 
** Mean separation by Duncan's Multiple Range Test at 0.05?o level.
Table 4. Effect of foliar and soil treatments for var. Green Mignonette 
on calcium and boron levels in mature leaf tissues. Tissue 
analysis based on composite of five heads with no replications.
Treatment Calcium %
|
Boron ppm
FOLIAR Control 0.75
i
44
|
Calcium 0.67 41 !
|I Boron 0.74 36
j
i
Calcium and Boron 0.71 48
| SOIL Calcium Sulfate & Perlite 0.95
I
37
i
I
j
i
Calcium Sulfate 0.86 37 |
!
i
I Calcium Magnesium Carbonate 0.76 38
Calcium Magnesium Carbonate 
and foliar calcium spray 0.67 29
!r
Calcium Magnesium Carbonate 
and foliar boron spray 0.69 38
Field Experiments. In experiment 5, head quality, head weight, tipburn in­
cidence, and severity were not affected by treatments. Tipburn incidence 
was quite variable and ranged from 25 to 100 percent. The total number of 
heads harvested per treatment was small. Tissue analysis showed that higher 
nitrate nitrogen rates (N^gg and Nggg) resulted in higher levels of calcium, 
boron, and nitrogen in plant tissues (Table 5). The position of sample also 
influences the levels of calcium, boron, and nitrogen in the plant tissue.
The inner leaves have less calcium and boron than the outer leaves (Table 6).
Table 5. Effect of Nitrogen rates on calcium, boron, and nitrogen in mature 
leaf plant tissues.
Nitrogen Rates (ppm) | Calcium (%) Boron (ppm) Nitrogen (%)
*
Nn 0.49b u 19a 1.93d
S o  | ° - 46b 19a 1.87d
N100 I ° ' 44b 19a 2.32c
S o o  I ° -48b 19a 2.49c
N400 | 0.55a 21b 2.79b
Ngoo 0.57a 22b 3.18a
* Mean Separation by Duncan's Multiple Range Test at 0.05% level.
Table 6. Calcium, boron and nitrogen levels in different head sections.
Head Section Calcium (%)
I
Boron (ppm) Nitrogen (%) j
Apex-Inner 0.34c* 15b
I
2.19b
Apex- Outer 0.72a 23a 2.44b
Basal-Inner 0.33c 17b 2.58a
j
Basal-Outer 0.60b 23a 2.15a
* Mean Separation by Duncan's Multiple Range Test at 0.05% level.
Foliar sprays of 1.8M calcium chelate and 1.8M calcium chelate plus 
1 ppm boron resulted in a highly significant increase in boron levels in the 
plant tissue. Boron levels in inner leaves were lower than in the outer 
leaves (Table 7). Calcium and nitrate levels in the plants were not affected 
by foliar sprays. Calcium, boron, and nitrogen levels in the plants were 
unaffected by irrigantion levels.
Table 7. Effect of foliar sprays and position of head (outer vs. inner) 
and leaf (apex vs. basal) cut on boron levels in plant tissues.
Foliar spray Apex-Inner Apex-Outer Basal-Inner Basal-Outer X |
Calcium 14.5 23 17 24 20c :
Boron 16.5 36.5 . 22 35.5 28b
Calcium & Boron 22.5 52 22.5 52 37a
]
Water 16 24.5 18 24 21c
X 17b 34at 20b 34a
* Mean separation by Duncan's Multiple Range Test at 0.05?o level.
In experiment 6, the different rates of soil calcium with and without 
boron had no effect on tipburn incidence and severity rates. Succinic acid
p
2,2-dimethylhydrazide (Alar ), reduced the growth rate as treated plants 
were harvested one week later than untreated plants, and some reduction in
p
tipburn incidence was achieved (Table 8). Alar in combination with soil 
applications of calcium and boron give the best reduction in tipburn inci­
dence.
Table 8. Effect of soil treatments and foliar application of Alar 
on tipburn incidence. Means of four replications given.
Treatment Incidence
j Control 50%
j Alar
i
57%
: Alar and Boron (soil) 57%
Boron (soil) 62%
I
j Alar and Calcium (soil) 47%
Calcium (soil) 57%
j
Alar and Calcium and Boron (soil) 42%
Calcium and Boron (soil) 64%
In Experiment 7, ammonium nitrate and calcium soil applications, with 
three foliar spray applications significantly reduced tipburn incidence 
at the 0.01% confidence level (Figure 1). However, all treatments had 
little effect on head weights, tipburn severity, and head quality.
Tissue analysis of mature inner leaf sections show little increase 
of calcium and boron levels, even after three and six spray applications 
were made (Table 9).
Table 9. Calcium and boron levels in mature, inner leaf sections of plants 
grown in five soil treatments with foliar applications of calcium 
nitrate and Solubor, in increasing frequencies. Tissue analysis 
based on composite of five heads, with four replications. 
Treatment means are given.
!-------------
Soil
Treatment
0 sprays 
Calcium Boron
{%) (ppm)
3 sprays 
Calcium
(SO
Boron
(ppm)
6 sprays 
Calcium
(SO
f
I
Boron I 
(ppm) |
1* 0.40 11 0.39 11 0.40 12 1
2*+ 0.40 12 0.43 12 0.39 13
I
3*+ 0.41 13 0.40 13 0.42 15
4* 0.38 16 0.37 13 0.37 13
5*+' 0.38 13 0.40 13 0.41 14
* Soil treatments include (1) and (2) 10-30-10 fertilizer, (3) and (4), 
Ammonium nitrate, and (5) Calcium nitrate.
Soil treatments receiving calcium hydroxide.
Tissue analysis of the inner head sections indicates that the addition 
of soil boron at the 100 bl. calcium/acre level, increases plant calcium 
and boron levels. With higher rates of soil calcium, levels of calcium 
and boron in the plant tissues slowly dropped off (Table 10).
Table 10. Tissue analysis of mature leaf tissues in plants grown under varying calcium rates with 
boron fertilization. Data based on composite of five heads with no replications.
Calcium (?o)
Section Control
Control 
& Boron
100 lb/acre 
i Calcium
100 lb/acre 
Ca & Boron
200 lb/acre 
Calcium
200 lb/acre 
Ca & Boron
400 lb/acre 
Calcium
400 lb/acre 
Ca & Boron
Outer 0.74 0.85 0.86 0.86 0.71 0.93 0.82 0.97
Middle 0.70 0.63 0.69 0.67 0.56 0.57 0.57 0.60
Inner 0.63 0.62 0.55 0.72 0.62 0.61 0.69 0.56
Core 0.92 0.84 1.18 0.95 0.83 0.82 0.82 0.85
Boron (ppm)
Outer 32 41 31 34 24 35 29 29
Middle 23 24 20 24 24 22 22 21
Inner 16 19 15 19 20 17 18 17
Core 26 26 26 23 30 25 22 23
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Figure 1. Effect of 0, 3, or 6 foliar sprays and five soil treatments on the 
incidence of tioburn. Mean separation by Duncan's multiple range test indicate 
a 1.137. difference between adjacent means to be significant at the 0.057 level. 
Soil treatments include: 1) and 2) 10-30-10 fertilizer, 3) and 4) Ammonium ni­
trate, and 5) Calcium nitrate. • Received calcium hydroxide.
sprays
sprays
sprays
In experiment 8, tipburn incidence in var. Mesa 659 ranged from 45 to 
95 percent. Tipburn incidence increased with increasing frequency of spray­
ing. Increasing frequency of spray applications of chelated calcium and
p
Solubor increased the severity of tipburn (Table 11). Tipburn incidence 
and severity rates are given in Figures 2 and 3.
Table 11. Effect of spray frequency on the 
severity and incidence of tipburn.
I
j Spray Frequency Severity*
—
Incidence I
0 2.4th** 67?£c
3 2.72b
6 3.06a CO
00
* Severity based on 1-6 scale 
** Mean Separation by Duncan's Multiple 
Range Test at 0.05?^ level.
Although there was a high incidence of bacterial rot in the field plots, 
and the quality of lettuce suffered, all heads were saleable.
Tipburn incidence in var. Monterey varied very little between 90 and 
100 percent. Average severity index, regardless of treatments, was 4.50.
No tissue analysis data was available at this time.
Monthly Incidence Rates. Monthly incidence rates of tipburn were taken 
from December 1979 to August 1980. The incidence rates, calcium and boron 
levels in the inner and middle leaves, mean monthly minimum and maximum 
temperature are given in Figures 4, 5, 6, and 7. Coefficient of linear 
correlation values for tipburn incidence with temperatures and calcium and 
boron levels are given in Table 12.
Table 12. Correlation values for tipburn incidence with other parameters.
Correlation
Values
Significant at 
0.01?o 0.05?o
Tipburn Incidence with:
Monthly mean maximum temperature .95 * *
Monthly mean mimimum temperature
oCO• *
Monthly mean maximum and mimimum 
temperature .89 * *
Calcium (%) in inner leaves -.75 .754
Calcium (?o) in middle leaves -.52 .754
Boron (ppm) in inner leaves -.75 .754
Boron (ppm) in middle leaves 
1—■ —.————  .......  ... ■ ■ --.- ...
-.78 *
2 *  3*  4 5*
SOIL TREATMENT
figure 2. tftect of l), 3, or 6 toliar sprays and fives soil treatments on the 
incidence of tipburn. Soil treatments Include: 1) and 2) 10-30-10 fertilizer,
3) and 4) Ammonium nitrate, and 5) Calcium nitrate. ^Received calcium hydroxide.
1  2*  3*  4 5*
SOIL TREATMENT
Figure 3. Effect of 0, 3, or 6 foliar sprays and five soil treatments on the 
severity of tipburn. Soil treatments include: 1) and 2 ) 10-30-10 fertilizer,
3) and 4) Ammonium nitrate, and 5) Calcium nitrate. • Received calcium hydroxide.
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Figure 4. Monthly incidence rates of tipburn (%).
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Figure 5. Monthly mean minimum and maximum temperatures for different months of the year.
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Discussion
Complete control of tipburn in head lettuce was not achieved under 
greenhouse or field conditions (Figures 1 and 2). It is felt that there are 
too many uncontrollable, independent, and interacting factors affecting the 
calcium nutrition of the plant. Tipburn in head lettuce is recognized as a 
localized calcium deficiency that affects leaves that are in a phase of rapid 
growth. The mechanisms by which a calcium deficiency occurs are still un­
known, and a localized calcium deficiency can occur even though soil calcium 
levels are not limiting to calcium uptake (Table 10).
The above conditions are not unique as Ashkar and Ries (1), Kruger (46), 
Misaghi and Grogan (54), and Thibodeau and Minotti (76) found that under 
controlled laboratory conditions, they could control tipburn, while Jenkins 
(39) failed under field conditions. Soil applications of calcium under either 
field or greenhouse conditions do not always meet the needs of the plant and 
tipburn can still occur (15, 39, 67).
It is felt from this work that a calcium deficiency is actually a mani­
festation of another nutrient deficiency, i.e. boron, as boron helps promote 
the absorption and utilization of calcium by keeping it in a soluble form (48). 
Boron, apparently increases the permeability of the plant roots to the move­
ment of calcium (10). In addition, deficiency as well as toxicity levels of 
boron in a substrate may result in subnormal levels of calcium in the tissue 
(52). There is a fine line between concentration levels that constitute a 
deficient as compared to a toxic boron condition in the plant, and these levels 
differ for different plants species (29, 31). It is believed that symptoms 
of a boron deficiency may be accompanied by those of a calcium deficiency 
and because of the similarities between the two deficiencies, may be masked 
as a calcium deficiency, or be mistaken as such (31).
There is some suggestion in the literature that a boron deficiency in 
latex bearing plants, such as lettuce, interferes with the proper functioning 
of laticifers so that the laticifers swell and burst with the release of 
latex, producing tipburn symptoms (73, 81, 82). Latex tipburn is one of 
the types mentioned by Termohlem and van den Hoeven (75).
Levels of calcium and boron, as determined by tissue analysis, in tip­
burn susceptible tissues of a lettuce plant are consistently low, (Tables 1, 
9, and 10), and never reach standard levels of 1.07-2.15 percent calcium 
and 25-40 ppm boron in normal, mature leaf tissues (64). Growth restrictions 
of the plant, with no deficiency symptoms appearing, occur at 0.93-1.29 per­
cent calcium and 20-23 ppm boron (64). Younger, developing tissues may have 
higher requirements for normal leaf development (29), and levels for field 
grown lettuce tend to be lower (64). Boron levels in mature leaf tissues 
were sometimes in the toxic range (Table 4), and this may account for low 
calcium levels in the tissue.
It is not always easy to detect crop abnormalities with plant tissue 
analysis alone, especially with calcium and boron deficiencies, where just 
a small difference in concentration levels can result in either a normal or 
deficient reaction by the plant (37). Ammonium acetate extraction analysis 
of soil calcium is a fairly accurate assessment of the available calcium in 
the soil (38), and analysis show 5000-6000 pounds of available calcium per 
acre (data not shown). Boron soil analysis is more difficult and less re­
liable as methods of analysis vary between laboratories.
Outer leaves and core pieces have higher levels of calcium and boron 
than inner leaves and middle leaves (Tables 6 and 10). Ashkar and Ries 
(1), Misaghi and Grogan (54), and Thibodeau and Minotti (76) also found 
evidence to support this. Although calcium and boron levels may be higher 
in the outer leaves and core pieces, they can be unavailable from these
plant tissues to other plant parts, due to a chelation by other metabolites 
before being incorporated into new cell walls (1, 54, 55). Once deposited 
in the leaves, these elements will not remobilize to other areas, where they 
may be of greater need (19, 20, 24). The fact that calcium and boron are 
immobilized in older plant tissues and are resistant to redistribution cre­
ates the biggest problem for the control of tipburn in head lettuce. A 
large portion of what makes up the edible part of the lettuce plant con­
sists of tissue susceptible to the development of tipburn. These younger, 
developing tissues are entirely dependent on either the transpiration 
stream for a continuous supply of calcium and boron or on the older plant 
parts for a share of their calcium and boron. As redistribution does not 
occur, the plants must get their calcium and boron through the transpiration 
stream. Due to head formation, high humidity conditions prevail within the 
head, and transpiration and the movement of calcium and boron to those 
leaves in the head are inadequate to meet the tissues' needs when the plant 
is pushed into a faster growth rate than is normal. Head formation also 
prevents the accessibility of those leaves to foliar spray applications for 
corrective measures.
Under greenhouse conditions, foliar sprays of calcium and of calcium 
and boron reduce the severity of tipburn, but the levels of these elements 
were not changed significantly as measured by tissue analysis (Tables 3 and
4). The reasons for this are not clearly understood.
p
Fluctuations in the soil moisture regime from the addition of Perlite
to the soil increased the severity of tipburn (Table 3). Previous work on
the effect of soil moisture on tipburn support this (56, 77).
The addition of mangesium in soil applications of Dolomite in combina­
tion with foliar sprays of calcium and of calcium and boron show the lowest 
severity ratings (Table 3). Magnesium may be deficient in Hawaiian soils,
wherever the high and constant use of ammonium fertilizers occurs, as this 
initiates a more rapid leaching of soil calcium and magnesium (28). This 
also suggests that tipburn development may be related to an ion imbalance 
in the soil (25). Foliar sprays of calcium and of calcium and boron pro­
vide evidence for their role in tipburn development.
The nutritional status in lettuce plants can be changed with calcium, 
boron, or nitrogen fertilizers with almost no effect on tipburn incidence 
or severity. Calcium soil treatments can help get calcium into the plants 
(Tables 4, 5, and 10). Soil applications of boron can help put calcium 
into tipburn susceptible tissues, i.e. inner head sections, (Table 10), 
but this depends on calcium levels in the substrate, as high levels of 
liming have been shown to induce a boron deficiency (41, 63).
Foliar sprays of calcium and boron increased boron levels in the 
plant (Table 7), showing again that calcium and boron together are more 
effective than either by itself.
Nutrient foliar sprays tend to be variable in their effectiveness, 
as seen in Table 1, where levels of calcium in different head sections 
increased or decreased depending on the type of foliar spray applied.
In another experiment, however, (Table 4); foliar sprays had little or no 
effect on calcium and boron levels in the plant. Both experiments were 
conducted in greenhouses. In a field experiment, foliar sprays had no 
effect on increasing calcium and boron levels even after three or six 
foliar sprays of calcium and boron were applied (Table 9). It is not 
quite understood why foliar sprays work in some instances and fail in 
others. It may be related to the immobility of calcium and boron in the 
plant and the inaccessibility of leaves to foliar sprays once head forma­
tion starts.
Calcium concentration levels may be important in influencing levels
in the tissues, as soil application of calcium in combination with foliar 
applications of calcium and boron increased levels in plant tissues more 
than soil applications of calcium or boron alone (Tables 1 and 10). 
Furthermore, this combination also significantly reduced tipburn incidence, 
but depended on the soil nitrogen source and the frequency of spraying 
(Figure 1).
Although the calcium needs of the plant were always supplied, exoge­
nously, plant uptake and translocation did not always prevent the develop­
ment of tipburn. Through a series of experiments, it was found that soil 
applications of boron had no effect on tipburn incidence (Table 8). However, 
these levels may have been too low to have any effect on calcium uptake. 
Because Hawaiian soils tend to have fairly high retention capacities for 
boron (59, 74), it is proposed that further studies be conducted to deter­
mine how high soil applications have to be, to get saturation levels of 
calcium and boron in lettuce plants, and how levels of these two elements 
affect each other in the plant tissues. Such a study may help to solve 
this tipburn mystery.
The form of nitrogen fertilizers did not always affect the levels of 
calcium and boron in the plant. Under controlled field greenhouse condi­
tions, higher nitrate nitrogen rates increased boron, calcium and nitrogen 
levels in the plant tissues (Table 5). Under the influence of nitrate 
levels, inner leaves have less calcium and boron than the outer leaves 
(Table 6). This did not happen in field experiment seven, in a comparison 
of various nitrogen fertilizers and their effects on calcium uptake. 
Furthermore, boron uptake appeared not to be affected as the tissue levels 
of both calcium and boron were found to be consistently low (Table 9). 
Nitrogen rates may have been too low, as 100 pounds of nitrogen per acre 
was used in the field experiment, and 200 and 400 pounds of nitrogen per
acre in the field greenhouse experiment. Also, in the field greenhouse 
experiment, a nreplant soil application of boron may have promoted calcium 
and nitrogen uptake, as no boron was applied to the soil in the field 
experiment. This has been reported by Turner (83) and Sankaran, Sennaian, 
and Morachan (65). Calicum levels could not be a limiting factor to cal­
cium uptake, as calcium was added with the nitrate, and soil tests reveal 
high amounts of available calcium (data not shown).
The response of head lettuce to different forms of nitrogen depends 
on the plant species. Differences among species are partly due to the 
ability of the plants to assimilate nitrogen in the roots, and to the form 
in which nitrogen is translocated. If nitrogen is translocated from the
roots as amino acids, a low cation level can occur in the shoots (3). Hoff,
Wilcox, and Jones (36) found higher levels of amino acids in the roots of 
tomato plants, but Kirkby and Mengel (43) were able to get higher cation 
levels into tomato plants with nitrate fertilizers. This may be related 
to concentration effects, and the same thing may have happened in the 
lettuce plant.
The nitrification process in soils is a dynamic situation, with on­
going conversions between the nitrogen forms going on, and leaching losses 
occurring. Thus, the plant roots may not have equal access to the different 
ions and differences in uptake can occur (82).
The occurrence of tipburn may also be related to the presence and
balance among the other ions in the soil media (25) or be a matter of ion 
competition between calcium and ammonium ions (23, 36).
Monthly incidence rates were high (93%) during experiment eight's 
harvest. In experiment 7, monthly incidence rates were 45% and a soil 
treatment X spray frequency interaction was highly significant in reducing 
tipburn incidence. In experiment 8, tipburn severity and incidence rates
increased with an increase in spray applications, regardless of soil treat­
ments (Figures 1, 2, 3, and 4). The two experiments did not produce the 
same results, even though the same soil treatments and same concentrations 
of calcium and boron were used and given in the same frequencies. This may 
be attributed to the use of calcium chelate (This Liquid Ca), and the by­
products in that spray. It is a low dosage product, and by using the same 
calcium level used in experiment 7, the lettuce may have developed toxicity 
symptoms from the phenolic acids and other byproducts in the solution (23). 
The frequency of foliar spraying was significant in reducing head weights, 
(data not shown), and this may have been an expression of toxicity effects.
The main problem with boron availability is not associated with 
reactivity problems of soluble boron with fertilizer byproducts, but more 
to problems with uniform dispersal and distribution (67). This may have 
accounted for such high tipburn incidence and severity rates (Figures 2 and 
3).
Monthly incidence rates have a fairly high negative correlation with 
calcium and boron levels in the inner and middle leaf sections of a head. 
This provides further evidence that calcium and boron are involved in the 
development of tipburn. There is a high correlation of tipburn incidence 
with temperatures, especially mean monthly maximum temperatures. Misaghi 
and Grogan (34) feel that temperature is the major factor initiating the 
development of tipburn, as temperatures within the head can be up to 6°C 
higher than the outside air temperatures. Mean monthly maximum and mini­
mum temperature also have a high correlation with tipburn incidence. There 
seems to be an increase in tipburn incidence with monthly mean minimum tem­
peratures above 35°F and with monthly mean maximum temperatures above 85°F 
(Figure 5). This temperature effect may be to increase plant growth rates, 
even at night, so that calcium and boron uptake cannot match tissue needs
and deficiency symptoms appear.
p
In the greenhouse, succinic acid 2,2-dimethylhydrazide (Alar ), 
benzyladenine, and boron sprays in factorial combinations had no effect on 
tipburn. This may be attributed to greenhouse cultural conditions as high 
temperatures prevailed, and getting the plants to head properly was a problem. 
In the field, some reduction in tipburn incidence was achieved, (Table 8), 
as Alar in combinations with soil applications of calcium and boron show 
the least tipburn incidence. It is suggested that Alar sprays probably 
reduced the plant's growth rate, so higher uptake rates and movement of cal­
cium and boron could occur. Boron must have a definite role in influencing 
the ealcuim nutrition of the plant as Alar with soil calcium alone gave a 
higher incidence rate if boron was not added.
Although Alar reduced the incidence of tipburn, complete control was 
not attained. Ashkar and Ries (1) also show a reduction in tipburn seve­
rity. Growth control is an important factor in controlling tipburn, but 
the use of Alar sprays commercially, may be impractical in that head weights 
were reduced, and this may not be acceptable by the lettuce growers. Since 
Alar affects the growth rate of the plant, perhaps other plant growth regu­
lators which affect the translocation of adsorbed calcium, as seen with an 
application of ethephon spray (14) can be utilized. Ethephon, alone had no 
effect on tipburn, but in combination with calcium chloride gave significant 
reduction in tipburn severity.
A tipburn deficiency in lettuce affects the indoleacetic acid oxidase 
system and high levels of IAA can occur in the plant (17). It is believed 
that this affects the growth rate of the plant, but it is unknown whether 
nutrient adsorption and translocation are affected.
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